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Abstract

Pregnancy diagnosis by transrectal palpation (TRP) is a frequently performed procedure in bovine practice and an important com-
petency for veterinary graduates. Student training for these skills has been identified as challenging, and reported training outcomes
highlighted that students’ pregnancy diagnosis accuracy was an area that needed improvement. This led to a series of investigations
evaluating specific teaching approaches aimed at optimizing TRP training and improving learning outcomes while decreasing the
number of palpations needed to become competent, or in other words to ‘fast-track’ the transrectal palpation skill learning process.
Gathered data were used to develop and implement research-based innovative teaching ideas, including optimized simulator train-
ing, in-training assessment methods, additional training opportunities linked to or not directly linked to the TRP skill itself, and
the use of technology to improve skills training. This paper is a summary of these teaching interventions and elaborates on the
background of those and why implementation is expected to improve student competence. Furthermore, even though the investi-
gations described here are specific to bovine TRP and pregnancy diagnosis skills, they highlight an approach that can be applied to

other clinical hands-on skills.
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Introduction

Bovine pregnancy diagnosis (PD) via transrectal palpation
(TRP) is a frequently performed procedure in bovine practice,’
of economic importance, " and an important competency for
veterinary graduates.!? Training of bovine TRP and PD is chal-
lenging, however, as it requires extensive exposure to TRP in live
cows to achieve competency.'*-'° Veterinarians often refer to the
anecdotal ‘magic 10,000, that is the number of rectal palpa-
tions assumed to be necessary to ensure palpation competence.
The origin of this number is unknown but indicates the per-
ceived amount of practice necessary to confidently perform
bovine PDs. It is possible that it is a link to Ericsson’s concept of
deliberate practice where a practice time of at least 10,000 hours
is stipulated to lead to expert status in a specific skill.!” The
Australian Veterinary Association also previously recommended
a minimum of 2,000 live cow palpations before attempting the
competency examination.!®!* Some publications evaluated stu-
dents’ TRP and PD performance after training and how many
palpations are required to ensure competence,*'>? and it was
suggested that 200 live cow palpations were insufficient to
establish TRP competence for all 10 students in the evaluated

group.'® Compared to many other skills, TRP and PD training is
further complicated by the nature of the procedure; demonstra-
tion of the technique by an instructor and observation of a stu-
dent palpating a live cow are not possible as execution of the
procedure cannot be seen.'3'%1?2! In addition to these chal-
lenges, veterinary schools are expected to graduate entry-level
veterinarians with advanced skills,?>?3 while welfare and ethical
concerns about the use of live animals for training purposes,
large student cohorts, budget constraints, and difficulty sourc-
ing cadaver material limit hands-on experience and training
opportunities in general,?>?*-3> thus influence PD training for
veterinary students at teaching institutions due to a shortage of
palpation opportunities.’3-1¢? Furthermore, it seems difficult
for students to get additional bovine PD and TRP exposure out-
side the veterinary course.'>3® Described training strategies to
overcome some of the challenges listed above are exposure to
abattoir-derived organs followed by live cow palpations,’**® the
use of cows at abattoirs prior to slaughter,'® student exposure to
bovine TRP and PD during extramural studies,'*? or ambula-
tory clinic rotations,’*?' and the use of a computer-assisted
learning tool."” Furthermore, a variety of rectal examination
simulators such as the Veterinary Simulator Industries’ bovine
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theriogenology model,* Minitube’s 'Henryetta’ model,® the
Breed'n Betsy® rectal examination simulators,© and the Haptic
Cow! are commercially available, and several studies evaluated
the use and implementation of rectal examination simulators
in veterinary training programs.'3!¢3¢-40

While training of bovine TRP and PD has been identified as
challenging,'*-'*!" only limited data were available on student
performance in bovine TRP and PD.!*!* Recent investigations
into TRP and PD training outcomes highlighted that students’
PD accuracy was an area that needed improvement.?¢442 This
led to a series of projects evaluating specific teaching
approaches aimed at optimizing TRP training and improving
learning outcomes while decreasing the number of palpations
needed to become competent, or in other words to ‘fast-track’
the TRP skill learning process.** Gathered data were used to
develop and implement research-based innovative teaching
ideas, including optimized simulator training, in-training
assessment methods, additional training opportunities linked
to or not directly linked to the TRP skill itself, and the use of
technology to improve skills training.

Recommended evidence-based teaching
approaches

The teaching approaches are listed below. This paper elabo-
rates on the background of those and why implementation is
expected to improve student competence for bovine TRP and
PD. For the context of this paper, sensitivity of PD is defined
as students’ ability to correctly identify pregnant cows, whereas
specificity is defined as students’ ability to correctly identify
non-pregnant cows.

In summary, we recommend:

1. Repeated rectal examination simulator-based training in
conjunction with live cow exposure early in the
curriculum.

Teaching efforts focusing on specificity of PD.

3. Teaching efforts focusing on stage corrected sensitivity and
early pregnancy stages.

4. Encouraging students to use an exercise program like the
‘bovine pregnancy diagnosis improvement exercise pro-
gram’ (http://icarus.up.ac.za/vetmlp/) to improve grip
strength and indirectly palpation abilities.

5. Use of the ‘mini-cow palpation box’ to develop coordina-
tion and fine motor skills to estimate object sizes without
visualization.

6. Introduction of a TRP objective structured clinical exam-
ination (OSCE) (on simulator and/or non-pregnant live
cows, depending on availability) as a compulsory forma-
tive in-training assessment (‘rite of passage’ examination)
before advancing to PD training on live cows.

7. Use of the validated TRP OSCE on non-pregnant live cows
as well as a validated PD assessment on live cows to ensure
training outcomes and track student progress during
advanced TRP and PD training sessions.

N

* Veterinary Simulator Industries, Calgary, Canada (https://vetsimulators.
com/).

b Minitube Tiefenbach, Germany (https://www.minitube.com/).

¢ Breed'n Betsy" Victoria, Australia (http://www.breednbetsy.com.au/).

4 Virtalis Ltd, Cheshire, United Kingdom (https://www.virtalis.com/
haptic-cow/).

8. Implementing focused access to live cow palpations for
students with an interest in production animal practice
during later stages of the curriculum.

9. Ensuring supervision and quality feedback during palpa-
tion sessions.

Repeated rectal examination simulator-based
training in conjunction with live cow exposure early
in the curriculum

The first recommendation is based on a validation study com-
paring rectal examination simulator versus live animal PD
training.*® It revealed that students’ ability to detect pregnancy
in cows > 6 months pregnant was similar for training on sim-
ulators and live cows. However, PD training on simulators,
compared to training on live cows, was associated with lower
student PD sensitivity for cows < 6 months pregnant. This was
an interesting outcome since the Breed'n Betsy® simulators are
specifically designed for early pregnancy detection and also
because the live cows used for training purposes in that study
were all > 6 months pregnant.3® A potential reason for this
paradox was thought to be that overcoming the unusual expe-
rience of TRP may be more difficult than the actual ability to
palpate.3® Absence of rectal peristalsis, anal sphincter tone,
and other internal organs (e.g., urinary bladder and rumen)
make reproductive tract palpation easier on a simulator than
in the live animal, and the simulator experience may not
impart the feeling of palpating a live cow. Also, simulator pal-
pations were suspected to require various arm movements and
muscle activations than the same procedure on live animals.
While a follow-up investigation to elaborate on this hypothe-
sis concluded that there is no difference in muscle activation
for simulator and live cow palpations, it revealed that muscle
relaxation between individual TRP steps for simulator palpa-
tions was more distinct for simulator compared to live cow
palpations. This was thought to be due to the absence of rectal
peristalsis in simulators, and a potential reason for a differ-
ence in simulator and live cow training outcome. While it was
demonstrated that rectal examination simulators cannot
replace live animal training, implementation of simulators
into veterinary teaching programs offers remarkable addi-
tional training opportunities beyond live cow training that
can help reduce the requirements of live animal training.
These findings were in accordance with other studies evaluat-
ing the use and implementation of rectal examination simula-
tors in veterinary training programs.'*!¢37-4° In the case of TRP
and PD, simulator training was superior to theoretical instruc-
tion only,* and additional simulator training substantially
improved students’ performance after live cow palpations.'®
Therefore, repeated simulator-based training in conjunction
with live cow exposure is recommended to optimize learning
outcomes.'>10363 Another finding related to the use of simu-
lators is that timing of simulator training in relation to stu-
dent experience within the veterinary course is important.23¢
The proposal of simulator training early in the curriculum
stems from student feedback where 4™ year students (of a 6
year course) without any prior live cow PD experience were
exclusively positive about their simulator experience, whereas
students with previous live cow PD experience made negative
remarks about the simulator exposure.’® This finding was
endorsed by final-year student questionnaire feedback show-
ing that refresher rectal examination simulator training at
these later stages in a student’s career was not perceived as
beneficial by the majority of students.? It has previously been
described that satisfaction data should be considered, as stu-
dent perceptions of a model will affect their motivation to use
it.** Since students felt the model was useful at a specific

18 Citation line: Clinical Theriogenology 2023, 15, 9591, http://dx.doi.org/10.58292/CT.v15.9591


http://dx.doi.org/10.58292/CT.v15.9591
http://icarus.up.ac.za/vetmlp/
https://vetsimulators.com/
https://vetsimulators.com/
https://www.minitube.com/
http://www.breednbetsy.com.au/
https://www.virtalis.com/haptic-cow/
https://www.virtalis.com/haptic-cow/

point in their veterinary education, they will likely be moti-
vated to practice on it.** Enjoying a procedure enhances posi-
tive emotions that have been reported to facilitate successful
learning.*® Therefore, rectal examination simulator training
should be implemented early in the curriculum before but in
conjunction with live cow exposure.

Teaching efforts focusing on specificity of PD

PD specificity is defined as the students’ ability to correctly
identify non-pregnant cows. Correctly and reliably identify-
ing non-pregnant cows is especially important for farmers
due to the economic implications of a false positive PD.
While students are not expected to be at the same competence
level as experienced practitioners, a specificity of 41 and 42%
reported for 4™ and 5" year students, respectively, had been
identified as a problem area,?**'? and teaching efforts focus-
ing on specificity of PD are recommended. Strategies to
accommodate this part of the training are repeated simulator
training exposure before live cow access, assessment of basic
palpation skills before advancing to live cows, and demon-
strating competence in non-pregnant cow palpations before
advancing to PDs. This approach increased student specificity
to 67%.%°

Teaching efforts focusing on stage corrected
sensitivity and early pregnancy stages

The stage of pregnancy is one of the factors associated with
students’ bovine PD accuracy. While overall PD sensitivity can
be defined as correctly identifying pregnancy, stage corrected
sensitivity takes the pregnancy stage into consideration. This
has been defined as correctly identifying the stage of preg-
nancy within 1 month of the actual stage of pregnancy for all
pregnancy stages up to 4 months, and within 2 months of the
actual stage of pregnancy for pregnancy stages beyond 4
months.

While the mean overall reported student PD sensitivity was 61
and 82%, stage corrected sensitivity was only 31 and 43%,
respectively (in the same cohort of students).>**? Furthermore,
students’ sensitivity of pregnancy detection was repeatedly
higher for cows more than 6 months pregnant.>**> This con-
firms the need to concentrate training efforts on palpations
during early pregnancy stages.

Encouraging students to use an exercise program
like the ‘bovine pregnancy diagnosis improvement
exercise program’ to improve grip strength and
indirectly palpation abilities

The fairly unusual and tiring physical activity of bovine TRP
sparked an idea for a novel approach to improve students’ TRP
and PD skills. The effect of a physiotherapy exercise program
on students’ TRP and PD skills was evaluated.’? The 2 main
findings were that students who participated in the exercise
program and students who had a grip strength of more than
30 kg performed better in PDs. Results from this investigation
initiated a subsequent electromyography (EMG) study taking
these findings a step further and led to the development of the
‘bovine PD improvement exercise program.*’ The EMG study
suggested that hand muscles, extensors and flexors of the fore-
arms, shoulder stabilizers, back muscles, and core muscles are
strongly activated during TRPs, confirming the role that fore-
arm muscles, and therefore grip strength, play during TRP.*>*7

It was also apparent that muscle endurance is more important
than total muscle strength. Based on these findings, a 3-month
exercise program targeting exactly those muscle groups was
developed with the help of an experienced biokineticist.*” The
program is divided into 3 levels starting with easier entry level
exercises and building up to more advanced exercises. It is
available to students via the following link: http://icarus.
up.ac.za/vetmlp/. The program uses readily available exercise
equipment and is suitable to any exercise level, and instruc-
tions are given through narrated video clips (Figure 1). This
online program enables students to choose when and where
they would like to exercise and only requires the participant to
exercise for 30 minutes, 3 times a week. It can be done in con-
junction with any other fitness or exercise activity. The pro-
gram not only increases grip strength and therefore indirectly
improves TRP accuracy but also increases stamina and wellbe-
ing, shapes arms nicely, and adds some fun to busy study
schedules.

Part of implementing this intervention should be student
awareness of the critical threshold for grip strength,* and
what their own grip strength is at the onset of TRP and PD
training. If this is done early enough, it might increase student
motivation and drive to execute an exercise program as
described here to improve grip strength. Grip strength mea-
surement is easily done using inexpensive commercially avail-
able dynamometers.*?

Use of the ‘mini-cow palpation box’ to develop
coordination and fine motor skills to estimate object
sizes without visualization

Results of a recent study” suggested that bovine TRP OSCE
scores can predict students’ future PD accuracy, and students’
ability to estimate ovarian size was positively correlated to PD
sensitivity. Based on these findings, a ‘mini cow palpation
box’, similar to a palpation box described,'* was developed to
supplement TRP training opportunities prior to students’ first
live cow TRPs.*' It aims to develop coordination and fine
motor skills in order to estimate object sizes without visualiza-
tion. Three-dimensional objects of varying sizes from 2 to 8
cm are labeled with the correct length, width, and height mea-
surements. The objects are placed in a large plastic box with
hand entrance holes to ensure palpation and size estimation
of objects without visualization (Figure 2). A ruler to measure
finger width and instructions on how to use the palpation box
are attached to the box. This additional teaching tool helps
improve students’ fine motor, TRP, and PD skills before their
first live cow palpations and assists students to prepare for for-
mative in training assessments as described earlier.

Introduction of a TRP OSCE (on simulator and/or
non-pregnant live cows, depending on availability)
as a compulsory formative in-training assessment
(‘rite of passage’ examination) before advancing to
PD training on live cows

It became apparent that students’ ability to estimate ovarian
size and to confirm the presence or absence of a corpus luteum
was correlated with higher PD sensitivity,"' whereas students’
ability to confirm the presence or absence of a follicle was pos-
itively correlated with higher PD specificity.” Based on these
results and the recommended approach to introduce a TRP
OSCE as a formative assessment for ongoing feedback
throughout the TRP training,* a compulsory in-training
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*source*”

simulator OSCE assessment was implemented within the vet-
erinary reproduction module at the Faculty of Veterinary
Science, University of Pretoria, South Africa. During this
assessment, students must palpate 3 Breed'n Betsy” simulator
cows and fill in an OSCE sheet to indicate size of ovaries and
the presence or absence of ovarian structures. Students can
choose when they want to do the assessment and repeat the
assessment as many times as necessary to pass. Passing this
‘rite of passage’ assessment is a requirement before students
are allowed to advance to live cow palpations. The aim is to
verify that students have demonstrated basic palpation skills
before live cow access is granted to ensure more efficient live
cow use. If rectal examination simulators are not available, a

modified assessment can be implemented where students still
must describe object sizes and identify structures resembling
follicles or corpora lutea in a simulated setting.

Use of the validated TRP OSCE on non-pregnant live
cows as well as a validated PD assessment on live
cows to ensure training outcomes and track student
progress during advanced TRP and PD training
sessions

In order to evaluate training success, training outcomes
have to be reliably measured. Previous studies describing
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using the palpation box. (D) Student instruction/information sheet on the palpation box.

*source?!

posttraining student performance in bovine TRP and PD
involved small student cohorts, and TRP skills evaluation
was based on various assessment criteria for each study.!*-"
To make outcome measurements more objective and repeat-
able, 2 TRP assessment methods were developed. The first
described assessment measures of students’ PD accuracy on
live cows.’® The set-up and execution was subsequently
refined and optimized.?**“? The second assessment is a TRP
OSCE that had the ability to predict students’ future PD
accuracy.”’ It was also tested for validity and reliability.*!
Results suggested that students categorized to have compe-
tent palpation skills based on the overall score achieved in
the OSCE were more likely to correctly identify non-preg-
nant cows (i.e., have better PD specificity), whereas students’
ability to estimate ovarian size was positively correlated to
PD sensitivity. Other individual OSCE components that were
predictive of higher PD accuracy were students’ ability to
identify uterine position and diagnose absence of intrauter-
ine fluid correctly.

These assessments can be implemented to ensure training out-
comes and track student progress during advanced TRP and
PD training sessions. Furthermore, using a combination of
these 2 methods to evaluate students’ TRP and PD skills (a
TRP OSCE on non-pregnant cows followed by a structured
assessment of PD accuracy in a real-life farm situation) can
bridge the gap between practical competence and clinical per-
formance of the same skill (TRP skills in this case).* This is
important as OSCE assessments are conducted under simu-
lated examination conditions, and they do not necessarily
provide valid information on the candidate’s ability to per-
form the skill in real-life situations.*$*°

Implementation of focused access to live cow
palpations for students with an interest in production
animal practice during later stages of the curriculum

Usually only a small proportion of veterinary students are
interested in food animal career.>**'** Upbringing location,
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gender, and previous pet ownership influence the career choice
of veterinary students,”*->> and 2 of the key demographics were
positively correlated with a career in mixed or food animal
practice: an upbringing on a small town or rural area and being
male.*525455 Work experience on a farm>* and other agricul-
tural exposure were positively associated with a preference for
food animal employment.*® An approach to improve PD accu-
racy for students truly interested in large animals is to create
additional palpation opportunities and find practice place-
ments for those students, which are ways to overcome the diffi-
culty associated with large student cohorts. Focusing on smaller
groups of students who will be more likely to use the skills was
investigated in a study looking at the effect of a 1-week high-in-
tensity training program on final-year veterinary students’ PD
accuracy.” This approach was successful as students’ PD sensi-
tivity and PD specificity were 88 and 67%, respectively. This
was a notable improvement to 2 previous studies that had
involved entire 4" and 5" year cohorts (Table).>*#? Particular
important is the improvement in specificity that had previ-
ously been identified as a problem area. Whereas students were
previously only able to correctly identify 1 out of 3 non-preg-
nant cows,>**? it increased to 2 out of 3.2

The fact that the intense 1-week training program was at a
later stage in the students’ career when they would have been
exposed to the initial TRP and PD trainings during their 4
year, followed by additional TRP exposure during clinic rota-
tions and electives in their final year had an effective strategy
on 2 distinct levels. First, more advanced veterinary students
are expected to have more competent basic palpation skills,
which makes intense training more effective. Second, target-
ing students interested in food animal practice decreases the
cohort size and helps overcome the difficulty to find suffi-
cient training and assessment opportunities.

Ensuring supervision and quality feedback during
palpation sessions

Private practice placements were part of a study evaluating
an intense 1-week TRP and PD training program.® The
number of live cow palpations by students during the prac-
tice placements varied from 20 to 600. Fifty percent of stu-
dents palpated <100 cows, and the other half palpated >100
cows. Interestingly, there was no correlation between the
number of cows palpated during the private practice place-
ments within the training program and posttraining TRP
OSCE scores, or student PD sensitivity or PD specificity.?
This is in contrast to previous findings where there was a
positive correlation between number of cows palpated and
students’ TRP skills.'* A possible explanation for this could
be based on the concept of ‘deliberate practice,'” which
refers to ‘intense, repetitive performance, in a controlled
setting, of intended cognitive or psychomotor skills within
a focused domain; rigorous skills assessment to identify

deficiencies and errors; specific, informative feedback on
how to correct them; and ongoing practice, with progressive
increases in level of difficulty, yielding gradual, continuous
improvement in skills performance’'”?¢°¢ The effect of
deliberate practice on expert status in many professional
disciplines, including chess, athletics, music, and medicine,
was made known, "7 and its importance for veterinary edu-
cation has been highlighted.?**® Therefore, it is likely that
the quality of supervision and feedback provided by the
veterinarian might be more important than the number of
cows palpated to improve TRP and PD skills. Students who
palpated >300 cows during private practice placements
probably received less feedback and supervision from the
veterinarian due to time pressure compared to students
who palpated fewer cows.?® In support of this statement,
student feedback highlighted the time and effort veterinar-
ians took to teach them that was particularly evident among
practice placements where fewer cows were palpated. This
reasoning could be further substantiated by the fact that
only previous TRP experience with a veterinarian was iden-
tified as a student level variable associated with a higher
student PD specificity compared to previous student TRP
experience without veterinary supervision,?® underlining
the effect of expert supervision. This highlights the impor-
tance of feedback and supervision and is a strategy to
decrease the number of live cow palpations necessary to
achieve competency.*® This aspect should also be communi-
cated when establishing relationships with private practi-
tioners for student training. Arrangements for sufficient
supervision and feedback should be a vital part of private
practice placements.

Conclusion

This teaching tip demonstrates how training innovations can
be combined with traditional training to optimally prepare
students for limited live animal exposure. The aim was not to
replace live animal training but to fast-track student skills as
an effective approach to compensate for a shortage of live ani-
mal training opportunities. It demonstrates how research-
based innovative teaching ideas, assessment methods, and
additional training opportunities linked to or not directly
linked to the skill itself, and the use of technology can be
implemented to improve skills training. It also highlights that
collaborations with experts in other fields, like physiothera-
pists, biokineticists, and information technology staff in our
case, can help advance new and alternative ideas. While the
investigations described here are specific to bovine TRP and
PD skills, it is an approach that can be applied to many other
clinical hands-on skills.

Conflict of interest

Authors have no conflicts of interest to report.

Table. Overall student PD accuracy, sensitivity, and specificity for 4th, 5th, and final-year student cohorts

Year 20143°

2016" 2018%°

4" yearstudent cohort

5" yearstudent cohort Final yearstudent cohort

Overall student PD accuracy (%) 71 61 82
Sensitivity (%) 87 79 88
Specificity (%) 41 42 67

22 Citation line: Clinical Theriogenology 2023, 15, 9591, http://dx.doi.org/10.58292/CT.v15.9591


http://dx.doi.org/10.58292/CT.v15.9591

Authors’ contribution

Annett Annandale: Conceptualization, writing, review, and
editing.

Dietmar Holm: Conceptualization, review, and editing.

References

10.

11.

12.

13.

14.

Morin DE, Constable PD, Troutt HE et al: Individual animal
medicine and animal production skills expected of entry-level
veterinarians in bovine practice. ] Amer Vet Med Assoc
2002;221:959-968. doi: 10.2460/javma.2002.221.959

Romano JE, Fahning ML: Effects of early pregnancy diagnosis by
per rectal palpation of the amniotic sac on pregnancy loss in dairy
cattle. ] Amer Vet Med Assoc 2013;243:1462-1467. doi: 10.2460/
javma.243.10.1462

Oltenacu PA, Ferguson JD, Lednor AJ: Economic evaluation of
pregnancy diagnosis in dairy cattle: a decision analysis
approach. J Dairy Sci 1990;73:2826-2831. doi: 10.3168/jds.
$0022-0302(90)78970-9

Nestel B, Creek M: The diagnosis of non-pregnancy in beef cattle
in Jamaica. Its economic value to the farmer and to his veterinary
surgeon. Vet Rec 1963;75:412-416.

Chenoweth P, Anderson M: Cow/calf production principles.
Beef practice: cow-calf production medicine. Hoboken, NJ;
Blackwell: 2005:9-28.

Fricke PM, Ricci A, Giordano JO, et al: Methods for and imple-
mentation of pregnancy diagnosis in dairy cows. Vet Clin North
Am Food Anim Pract 2016;32:165-180. doi: 10.1016/j.
cvfa.2015.09.006

Matthews BJ, Morton JM: Accuracy of predicted calving dates in
Holstein-Friesian dairy cows based on fetal ages estimated using
manual rectal palpation. N Z Vet ] 2012;60:234-240. doi:
10.1080/00480169.2012.670094

Ott TL, Dechow C, O’Connor ML: Advances in reproductive man-
agement: pregnancy diagnosis in ruminants. Anim Reprod
2014;11:207-216.

Albuja C, Ortiz O, Lopez C, et al: Economic impact of pregnancy
loss in an intensive dairy farming system. Vet Mexico OA
2019;6:unpaginated. doi: 10.22201/fmvz.24486760e.2019.1.572
Fodor I, Gabor G, Lang Z, et al: Relationship between reproduc-
tive management practices and fertility in primiparous and mul-
tiparous dairy cows. Can J Vet Res 2019;83:218-227.

Jaskowski JM, Kaczmarowski M, Kulus J, et al: Rectal palpation for
pregnancy in cows: a relic or an alternative to modern diagnostic
methods. Med Wet 2019;75:259-264. doi: 10.21521/mw.6156
Luby CD, MclIntyre K, Jelinski MD: Skills required of dairy veteri-
narians in western Canada: a survey of practicing veterinarians.
Can Vet ] 2013;54:267-270.

Bossaert P, Leterme L, Caluwaerts T, et al: Teaching transrectal pal-
pation of the internal genital organs in cattle. ] Vet Med Educ
2009;36:451-460. doi: 10.3138/jvme.36.4.451

French HM, Dascanio JJ, Gilbert GE, et al: Bovine reproductive
palpation training: does the cow make a difference? ] Vet Med
Educ 2018;45:219-223. doi: 10.3138/jvme.1116-172r

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Citation line: Clinical Theriogenology 2023, 15, 9591, http://dx.doi.org/10.58292/CT.v15.9591

Lopes G, Rocha A: Teaching bovine rectal palpation with live cows
in the slaughterhouse: is it worthwhile? Reprod Domest Anim
2006;41:510-513. doi: 10.1111/j.1439-0531.2006.00705.x

Baillie S, Crossan A, Brewster S, et al: Validation of a bovine rectal
palpation simulator for training veterinary students. Stud Health
Technol Inform 2005;111:33-36.

Ericsson KA, Charness N: Expert performance: its structure and
acquisition. Am Psychol 1994;49:725-747. doi: 10.1037/0003-
066X.49.8.725

Jephcott SB, Norman ST: Pregnancy diagnosis in cattle. Brisbane;
Australian Cattle Veterinarians: 2004.

Norman ST, Dall’Alba G: Computer assisted learning for improv-
ing cattle palpation skills of veterinary students. Open J Vet Med
2013;03(08):9. doi: 10.4236/0jvm.2013.38052

Annandale A, May CE, van der Leek ML, et al: Effect of a high-in-
tensity one-week training programme and student-level variables
on the bovine transrectal palpation and pregnancy diagnosis
skills of final-year veterinary students. Vet Rec 2020;187:€99. doi:
10.1136/vr.105909

Baillie S, Crossan A, Reid S, et al: Preliminary development and
evaluation of a bovine rectal palpation simulator for training vet-
erinary students. Cattle Pract 2003;11:434-437.

Dilly M, Read EK, Baillie S: A Survey of established veterinary clin-
ical skills laboratories from Europe and North America: present
practices and recent developments. ] Vet Med Educ 2017;44:
580-589. doi: 10.3138/jvme.0216-030R1

Malone E: Challenges & issues: evidence-based clinical skills
teaching and learning: what do we really know? J Vet Med Educ
2019;46:379-398. doi: 10.3138/jvme.0717-094r1

Baillie S: Utilisation of simulators in veterinary training. Cattle
Pract 2007;15:224-228.

Root Kustritz MV: Simulations in veterinary education. Clin
Theriogenol 2014;6:607-610.

Scalese RJ, Issenberg SB: Effective use of simulations for the
teaching and acquisition of veterinary professional and clinical
skills. J Vet Med Educ 2005;32:461-467. doi: 10.3138/
jvme.32.4.461

1ki Y, Ito T, Kudo K, et al: Animal ethics and welfare education in
wet-lab training can foster residents’ ethical values toward life.
Exp Anim 2017;66:313-320. doi: 10.1538/expanim.17-0026
Valliyate M, Robinson NG, Goodman JR: Current concepts in sim-
ulation and other alternatives for veterinary education: a review.
Vet Med 2012;57:325-337. doi: 10.17221/6261-VETMED
Kneebone R, ApSimon D: Surgical skills training: simulation and
multimedia combined. Med Educ 2001;35:909-915. doi:
10.1046/j.1365-2923.2001.00997 x

de Boo J, Knight A: ‘Concepts in Animal Welfare”: a syllabus in
animal welfare science and ethics for veterinary schools. ] Vet Med
Educ 2005;32:451-453. doi: 10.3138/jvme.32.4.451

Weichbrod RH, Thompson GA, Norton JN, editors: Management
of animal care and use programs in research, education, and test-
ing. 2nd ed. Boca Raton, FL; CRC Press/Taylor & Francis: 2018:782.
Martinsen S, Jukes N: Towards a humane veterinary education. J
Vet Med Educ 2005;32:454-460. doi: 10.3138/jvme.32.4.454
Wood MW, Hart LA, Weng H-Y: Effective bibliographic searching
for animal alternatives in veterinary medical education: the UC

23


http://dx.doi.org/10.58292/CT.v15.9591
https://doi.org/10.2460/javma.2002.221.959
https://doi.org/10.2460/javma.243.10.1462
https://doi.org/10.2460/javma.243.10.1462
https://doi.org/10.3168/jds.S0022-0302(90)78970-9
https://doi.org/10.3168/jds.S0022-0302(90)78970-9
https://doi.org/10.1016/j.cvfa.2015.09.006
https://doi.org/10.1016/j.cvfa.2015.09.006
https://doi.org/10.1080/00480169.2012.670094
https://doi.org/10.22201/fmvz.24486760e.2019.1.572
https://doi.org/10.21521/mw.6156
https://doi.org/10.3138/jvme.36.4.451
https://doi.org/10.3138/jvme.1116-172r
https://doi.org/10.1111/j.1439-0531.2006.00705.x
https://doi.org/10.1037/0003-066X.​49.8.725
https://doi.org/10.1037/0003-066X.​49.8.725
https://doi.org/10.4236/ojvm.2013.38052
https://doi.org/10.1136/vr.105909
https://doi.org/10.3138/jvme.0216-030R1
https://doi.org/10.3138/jvme.0717-094r1
https://doi.org/10.3138/jvme.32.4.461
https://doi.org/10.3138/jvme.32.4.461
https://doi.org/10.1538/expanim.17-0026
https://doi.org/10.17221/6261-VETMED
https://doi.org/10.1046/j.1365-2923.2001.00997.x
https://doi.org/10.3138/jvme.32.4.451
https://doi.org/10.3138/jvme.32.4.454

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

24

Davis Web Site. ] Vet Med Educ 2005;32:468-472. doi: 10.3138/
jvme.32.4.468

Pereira GdG, Dieguez FJ, Demirbas YS, et al: Alternatives to ani-
mal use in veterinary education: a growing debate. Ank Univ Vet
Fak Derg 2017;64:235-239. doi: 10.1501/Vetfak_0000002804
Kneebone R, Baillie S: Contextualized simulation and procedural
skills: a view from medical education. ] Vet Med Educ
2008;35:595-598. doi: 10.3138/jvme.35.4.595

Annandale A, Annandale CH, Fosgate GT, et al: Training method
and other factors affecting student accuracy in bovine pregnancy
diagnosis. ] Vet Med Educ 2018;45:224-231. doi: 10.3138/
jvme.1016-166r1

Baillie S, Mellor DJ, Brewster SA, et al: Integrating a bovine rectal
palpation simulator into an undergraduate veterinary curriculum.
J Vet Med Educ 2005;32:79-85. doi: 10.3138/jvme.32.1.79

Baillie S, Crossan A, Brewster SA, et al: Evaluating an automated
haptic simulator designed for veterinary students to learn bovine
rectal palpation. Simul Healthc 2010;5:261-266. doi: 10.1097/
SIH.0b013e3181e369bf

Giese H, Gundelach Y, Dilly M: Simulationsbasiertes Training
der transrektalen gynédkologischen Untersuchung beim Rind.
Jahrestagung der Gesellschaft fiir Medizinische Ausbildung (GMA).
Hamburg, Diisseldorf; German Medical Science GMS Publishing
House: 2014.

Giese H, Gundelach Y, Geuenich K, et al: Effects of training meth-
ods for rectal palpation in cattle on student’s performance and
self-evaluation. Glasgow; AMEE: 2015.

Annandale A, Fosgate GT, Bok H, et al: Ability of a bovine tran-
srectal palpation objective structured clinical examination to pre-
dict veterinary students’ pregnancy diagnosis accuracy. Vet Rec
2019;185:171-171. doi: 10.1136/vr.105022

Annandale A, Fosgate GT, Eksteen CA, et al: Influence of an exer-
cise program, muscle strength, proprioception, and arm length on
veterinary students’ bovine pregnancy diagnosis accuracy. J Vet
Med Educ 2021;48:196-210. doi: 10.3138/jvme.2019-0043
Annandale A: Thinking differently about clinical skills training:
the bovine pregnancy diagnosis via transrectal palpation show-
case. Utrecht; Utrecht University: 2020. Available from: https://
dspace.library.uu.nl/handle/1874/397523

Bewley WL, O'Neil HF: Evaluation of medical simulations. Mil
Med 2013;178:64-75. doi: 10.7205/MILMED-D-13-00255

Read EK, Vallevand A, Farrell RM: Evaluation of veterinary student
surgical skills preparation for ovariohysterectomy using simula-
tors: a pilot study. ] Vet Med Educ 2016;43:190-213. doi: 10.3138/
jvme.0815-138R1

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

Langebaek R, Eika B, Tanggaard L, et al: Emotions in veterinary
surgical students: a qualitative study. ] Vet Med Educ 2012;39:312-
321. doi: 10.3138/jvme.0611.068R1

Annandale A, Fosgate GT, Eksteen CA, et al: Electromyographic
analysis of muscle activation patterns during bovine transrectal
palpation and the development of the bovine pregnancy diagno-
sis improvement exercise program. J Vet Med Educ 2021;48:686-
697. doi: 10.3138/jvme-2020-0039

Davis MH, Ponnamperuma GG, McAleer S, et al: The objective
structured clinical examination (OSCE) as a determinant of veter-
inary clinical skills. J Vet Med Educ 2006;33:578-587. doi:
10.3138/jvme.33.4.578

Rethans JJ, Sturmans E Drop R, et al: Assessment of the perfor-
mance of general practitioners by the use of standardized (simu-
lated) patients. Br ] General Prac 1991;41:97.

Lenarduzzi R, Sheppard GA, Slater MR: Factors influencing the
choice of a career in food-animal practice among recent graduates
and current students of Texas A&M University, College of Veterinary
Medicine. ] Vet Med Educ 2009;36:7-15. doi: 10.3138/jvme.36.1.7
Jelinski MD, Campbell JR, Lissemore K, et al: Demographics and
career path choices of graduates from three Canadian veterinary
colleges. Can Vet ] 2008;49:995-1001.

Jelinski MD, Campbell JR, Naylor JM, et al: Factors affecting the
career path choices of graduates at the Western College of
Veterinary Medicine. Can Vet ] 2008;49:161-166.

Jelinski MD, Campbell JR, Naylor JM, et al: Factors associated
with the career path choices of veterinarians in western Canada.
CanVet ] 2009;50:630-636.

Serpell JA: Factors influencing veterinary students’ career choices
and attitudes to animals. ] Vet Med Educ 2005;32:491-496. doi:
10.3138/jvme.32.4.491

Root Kustritz M, Malone E, Rendahl A: Identification of student
lifestyle characteristics associated with training choices to drive
targeted admissions in veterinary medicine. Educ Health Prof
2020;3:70-76. doi: 10.4103/EHP.EHP_2_20

George JH, Doto FX: A simple five-step method for teaching clini-
cal skills. Fam Med 2001;33:577-578.

Issenberg SB, McGaghie WC, Petrusa ER, et al: Features and uses of
high-fidelity medical simulations that lead to effective learning: a
BEME systematic review. Med Teach 2005;27:10-28. doi:
10.1080/01421590500046924

Annandale A, Scheepers E, Fosgate GT: The effect of ovariohyster-
ectomy model Practice on surgical times for final-year veterinary
students’ first live-animal ovariohysterectomies. ] Vet Med Educ
2020;47:44-55. doi: 10.3138/jvme.1217-181r1

Citation line: Clinical Theriogenology 2023, 15, 9591, http://dx.doi.org/10.58292/CT.v15.9591


http://dx.doi.org/10.58292/CT.v15.9591
https://doi.org/10.3138/jvme.32.4.468
https://doi.org/10.3138/jvme.32.4.468
https://doi.org/10.1501/Vetfak_0000002804
https://doi.org/10.3138/jvme.35.4.595
https://doi.org/10.3138/jvme.1016-166r1
https://doi.org/10.3138/jvme.1016-166r1
https://doi.org/10.3138/jvme.32.1.79
https://doi.org/10.1097/SIH.0b013e3181e369bf
https://doi.org/10.1097/SIH.0b013e3181e369bf
https://doi.org/10.1136/vr.105022
https://doi.org/10.3138/jvme.2019-0043
https://dspace.library.uu.nl/handle/1874/397523
https://dspace.library.uu.nl/handle/1874/397523
https://doi.org/10.7205/MILMED-D-13-00255
https://doi.org/10.3138/jvme.0815-138R1
https://doi.org/10.3138/jvme.0815-138R1
https://doi.org/10.3138/jvme.0611.068R1
https://doi.org/10.3138/jvme-2020-0039
https://doi.org/10.3138/jvme.33.4.578
https://doi.org/10.3138/jvme.36.1.7
https://doi.org/10.3138/jvme.32.4.491
https://doi.org/10.4103/EHP.EHP_2_20
https://doi.org/10.1080/01421590500046924
https://doi.org/10.3138/jvme.1217-181r1

